A novel method for noninvasive detection of neuromodulatory changes in specific neurotransmitter systems.
Over the last decade, it has become possible to study theories of cognition using positron emission tomography (PET) and functional magnetic resonance imaging (fMRI). These methods yield statistical parametric maps of changes in cerebral blood flow (CBF) elicited by cognitive tasks. A limitation of these studies is that they provide no information about the underlying neurochemistry. However, it is possible to extend the concept of activation studies to include measurements targeting neurotransmitters and specific receptor populations. Cognitive activation increases neuronal firing rate, increasing the endogenous neurotransmitter level. The increased neurotransmitter level can be used to alter the kinetics of specifically bound radioligands. We describe a new approach to the design and analysis of neuromodulation experiments. This approach uses PET, a single-scan session design, and a linear extension of the simplified reference region model (LSSRM) that accounts for changes in ligand binding induced by cognitive tasks or drug challenge. In the LSSRM, an "activation" parameter is included that represents the presence or absence of change in apparent dissociation rate. Activation of the neurotransmitter is detected statistically when the activation parameter is shown to violate the null hypothesis. Simulation was used to explore the properties of the LSSRM with regard to model identifiability, effect of statistical noise, and confounding effects of CBF-related changes. Simulation predicted that it is possible to detect and map neuromodulatory changes in single-subject designs. A human study was conducted to confirm the predictions of simulation using (11)C-raclopride and a motor planning task. Parametric images of transport, binding potential, areas of significant dopamine release, and statistical parameters were computed. Examination of the kinetics of activation demonstrated that maximum dopamine release occurred immediately following task initiation and then decreased with a half-time of about 3 min. This method can be extended to explore neurotransmitter involvement in other behavioral and cognitive domains.